The paper presents mycological studies conducted jointly with ornithologists on the epidemiology of mycoses and the taxonomic diversity and prevalence of fungi that colonise the selected onthocenoses in healthy, wild migratory birds. Aquatic ecosystem populations of healthy birds include a percentage of carriers of potential zoo-and anthropopathogens, and this study's purpose was to determine the percentage. The studies were performed on swabs sampled in vivo (during spring and autumn migrations) from the beak and cloaca of nine species of Charadriiformes in two age categories. Macro-and microcultures of fungi were prepared according to the standards for diagnostic mycological laboratories. From the 450 birds examined, fungi were isolated from 130 (26.5%) individuals. The sampling yielded 272 yeast isolates: 170 (62.5%) from the beak and 102 (37.5%) from the cloaca. The isolates represented 23 species, among which C. albicans, C. neoformans, and R. rubra were predominant. In both onthocenoses in young and adult birds, more fungi were recorded in autumn than in spring. As many as 15 species are included in the biosafety level classification, of which seven are categorised as category 2 and one as category 3.
Introduction
Yeasts are a heterogeneous group of microfungi with the encoded pathogenic potential towards the vast majority of vertebrates (21) . This pathogenicity may manifest itself when the biological balance is disturbed and the immune mechanisms are impaired (13) . These fungi are found in all parts of the biosphere as cosmopolitan saprophytes, which prefer microaerophilic conditions and environments rich in organic compounds of a different origin. Most yeasts are opportunistic forms that are unable to invade a healthy organism yet they may colonise it commensally (3, 12) . The macroorganism then becomes a carrier, a natural reservoir, and a vector of the fungi (16) .
Birds are particularly susceptible to fungal colonisation due to the specific anatomy of the respiratory and tegument systems and very poor or nonexistent antifungal activity of their serum (11) . Carrier birds do not usually fall ill as their high body temperature is a physiological barrier, which inhibits the growth and multiplication of most potentially pathogenic fungi. However, the same species become dangerous at the body temperatures of humans or other mammals with impaired immunity (13, 16) . Interestingly, mycoses are sporadic in wild birds that are not fed by humans (23) , while carrier-state, especially in water fowl, is reported more frequently than in other vertebrates (8, 25) . Fungi can be transmitted by birds in a passive manner (on the body surface or in feathering), by biological vectors (ectoparasites), or in the internal organs, mainly in the respiratory and digestive tracts, as evidenced by the close correspondence of the obtained results with the observations of other authors (17, 18, 25) .
Due to their particular feeding and migratory routes via climatically-diversified habitats, Charadriiformes are exposed to contact with different, and often trophically rich types of water and, consequently, with different types of fungi that are typical of the hydrosphere (9, 19) . Therefore, these birds seem to be a good research object, especially in Poland, as the country is situated on their main migratory route (16) . Initial studies suggested that fungi associated with the onthosphere of Charadriiformes are much more numerous than previously thought (13, 16) . Considering that the interest in birds as vectors of microorganisms is mainly directed to bacteria and viruses, it was decided to conduct mycological analyses of biological materials collected in vivo from the onthocenosis of beak and cloaca of healthy birds of selected Charadriiformes species, taking into account the age and physiological status of these birds and the migration period.
Material and Methods
The studies were performed using swabs collected in vivo (with a swab immersed in saline before sampling) from the beak and cloaca of nine Charadiiformes species in two age categories. The samples were collected during the spring and autumn migration seasons for two years at selected ornithological stations of the "KULING" Water Fowl Research Group on an estuary of the Reda River at Puck Bay, the Pleśno water reservoirs, and the pools of the Sejna River, near Sątopy-Samulewo (in the province of Warmia and Mazury).
The swabs were placed in liquid Sabouraud medium with gentamycin and chloramphenicol (0.1%) and transported to a laboratory. Laboratory tests were performed in accordance with routine mycological diagnostics procedure (13, 24) . Macrocultures were prepared with Sabouraud agar and the above-mentioned antibiotics and incubated at 25, 37, and as thermophilic species require, 40°C for the period between 48 h and 7 d. The first signs of growth were recorded after 48 h and fungi only sporadically appeared on d 7 of incubation.
Having established the gross characteristics, microcultures were set on Nickerson agar. Chromogenic media (CHROMagar Candida, CHROMagar, France) and API-tests (API 20°C, and API 20°C AUX, BioMérieux, France) were used for biochemical analyses (14) .
The following keys were used for taxonomic identification: Kreger-van Rij (19), Kurtzman, Fell and Bekhout (21), De Hoog et al. (6) , and the methods published by Richardson and Warnock (24) .
BSL classification was applied to characterise the isolated fungi (5).
Results
Of the 490 birds examined, fungi were isolated from 130 (26.5%) individuals. In total, 272 yeast isolates were obtained: 170 (62.5%) from the beak and 102 (37.5%) from the cloaca; the isolates represented 23 species (Table 1 ). In onthocenoses in both young and adult birds, more fungi were recorded in autumn than in spring. This applied to the number of isolates and taxonomic diversity of fungi ( Fig. 1 ). In the latter case, the differences were smaller or did not exist. The examples include: the identical number of fungal species in spring and autumn in the beaks of young birds (15) , and in the cloaca of adult individuals (10) . Interestingly, the diversity in the number and taxonomy of fungi in the beak of all birds was higher in autumn, and the number of species in the cloaca of young birds doubled, i.e. 5 species in spring and 10 species in autumn (Fig. 1) .
The highest taxonomic diversity of fungi was recorded in G. gallinago -16 species (14 in the beak and 11 in the cloaca), C. alpina -14 species (14 in the beak and 7 in the cloaca), T. glareola -13 (13 in the beak and 8 in the cloaca), and Ph. pugnax -11 (10 in the beak and 8 in the cloaca). The smallest number (2) of species, identified as A. hypoleucos, was found in the beak (Table 1) . Among fungi, C. albicans and C. neoformans were predominant (48 isolates each) and R. rubra was markedly present (38 isolates). T. cutaneum (26 isolates) and C. glabrata (22 isolates) were also common. C. krusei, R. glutinis, and S. cerevisiae were reported less frequently. S. cerevisiae was reported in all birds examined, while C. krusei was not detected only in C. ferruginea, and R. glutinis was not detected only in A. hypoleucos. The other species enumerated in Table 1 were represented by few or single isolates.
The majority of isolated fungi were potential zoopathogens and anthropopathogens. As many as 15 (65%) species have been already included in the biosafety level classification, of which seven were classified as category 2 and one species was classified as category 3.
Discussion
Fungi that colonise macroorganisms have most often previously been isolated from their natural habitat (13) . The species identified in Charadriiformes are commonly isolated from different types of water rich in organic compounds and with different degrees of microbiological purity. This applies both to freshwater and seawater, especially coastal zones that are the most common feeding grounds of Charadriiformes. Some of the isolated fungi (C. albicans, C. guilliemondii, C. tropicalis, T. cutaneum, and fungi from Rhodotorula genus) prevail in fresh and untreated sewage (16, 20) . Their association with the hydrosphere is of a cosmopolitan nature and their prevalence is limited more by ecological than by geographical factors. Assuming the specificity and spatial discontinuity of biotopes of these fungi, their cosmopolitism is determined by, among others, transport by overflying water fowl (2, 16, 25) .
It is believed that about 50% of wild birds are reservoirs and carriers of fungi which are potentially pathogenic to birds themselves and to humans. The cloaca is considered the most frequently colonised onthocenosis (2) , however in the present study, more fungi were identified in the beak than in the cloaca. It seems that it may be related to the anatomical structure of the beak in Charadriiformes and to the way and grounds on which they feed. All the Charadriiformes studied except C. hiaticula search for food by exploring the ground with their long beak and by penetrating coastal waters at different depths, which increases the possibility of contact with fungi found in specific parts of the aquatic environment. C. hiaticula searches for food mainly on the intertidal region. The sanitary status of the water which the birds use seems to be a determiner for whether fungi originating from different climatic zones can colonise the bird organism (15) .
In the Polish climate, the fungi of Candida genus are the most important in an epidemiological context, as they are the causative agent of most superficial and systemic mycoses in Poland, with C. albicans being the most common aetiological factor (13, 16, 20) . The results of long-term studies (12) do not permit such an unambiguous statement. C. dubliniensis, C. glabrata, C. guilliemondii, C. tropicalis, or C. parapsilosis are isolated from healthy and diseased adults and children equally often, or sometimes even more frequently than C. albicans. All these species were identified in Charadriiformes.
Fungi from the Trichosporon genus show an increasing range of viable host organs in humans with T. cutaneum being increasingly frequently isolated from the respiratory tract, digestive tract, and skin, and T. asteroides being responsible for superficial infections (10) . However, C. neoformans is a fungus that is thought to be the most dangerous to humans, especially to children. It is believed to be the most common commensal of birds (13, 17, 18, 22) in which it asymptomatically colonises the skin, subcutaneous tissue, and lungs. This fungus is common in the lithosphere and easily develops in the Polish climate (particularly in autumn) on the faeces of different avian species and in faeces-contaminated soil (13) . In present studies C. neoformans was isolated from Charadriiformes with identical frequency as C. albicans. The former is believed to most often colonise the air sacs where it has the best conditions to grow thanks to the circulation of fresh, heated, and moist air (23) . It was demonstrated that this species may also often colonise the cloaca. In humans, C. neoformans shows an affinity to the central nervous system, causing meningoencephalitis, which may be fatal in extreme cases (7) . The identification of as many as three species of Rhodotorula in Charadriiformes, with the predominance of R. rubra, indicates that the birds feed on sewage waters (9, 16) . These are species that are more commonly reported in hydromycology as the important species in the water self-purification process of self-cleaning of water rather than reported in medical or veterinary mycology as potentially pathogenic factors. However, their presence should not be neglected in individuals with impaired immunity, because similarly to S. cerevisiae they may cause local or even generalised mycoses (12, 20) .
The isolation of fungi from the beaks of healthy birds may indicate their accidental occurrence and a transient association with this onthocenosis, although it does not exclude their solid relationship based on commensalism. The presence of the same species in the cloaca demonstrates that these fungi passed through the gastrointestinal tract and create a carrier state. Additionally, it was demonstrated that birds in which the fungi were identified in the cloaca have poorer mechanisms protecting against invasion and development of the fungi (3). It is best seen in young birds in which the number of species in the cloaca doubled in autumn. It is emphasised that age is an important physiological factor which determines the emergence of fungi in the onthosphere of all vertebrates (15, 16) . Apart from the gaps in the first and second lines of protection, young Charadriiformes are exposed to numerous stress-inducing factors (e.g. predators) during the first independent migration of their lives, which is energy-depleting and weaken their condition that is already much more vulnerable than in adults. However, looking at a significant increase in the number of strains and species in all birds in autumn initially suggests an increase in the number and diversity of these fungi in the environment. Breeding is of vital importance as, thereafter, the physiological condition and immunity of adult birds drop (15) . That is favourable for infection with potentially pathogenic microfungi, which are definite opportunists.
Fungi are released from the bird with excreta. This is stage I of inter-individual transmission with a vital role during copulation, when fungi colonise the cloaca, or during feeding the offspring, when fungi colonise the beak. In the latter case, when fungi pass from parents to offspring, vertical transmission occurs. Stage II of transmission involves multiplication of fungi and/or survival in the environment. During stage III, transmission and penetration into a new host take place -this may be another bird or a human (14) .
It seems that the obtained results have greatly expanded fragmentary knowledge on the taxonomic diversity and prevalence of fungi associated with the onthocenoses of the respiratory and digestive tracts in wild birds. This new knowledge may be applied to develop epidemiological calendars related to the carrier state of potentially pathogenic fungi in these birds.
Modern medicine -in search for the ecological background of a number of diseases -increasingly often conducts biomonitoring studies (1, 9) to analyse not only the diversity and prevalence of aetiological factors, but also their reservoirs and vectors (4, 13, 14) . The latter are the basis for evaluating epidemiological hazards, which are particularly important in the case of mycoses, belonging as they do to the group of environmentally-mediated diseases (13, 14, 25) .
